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A LTHOUGH CONSIDERABLE INTEREST EXISTS in the unsolved problem of regulation of body fluid volume, few studies have related water excretion to the spontaneous intake of water. In normal animals obtaining water from sources other than food, regulation of water intake may be as important as regulation of water excretion. It is not known, moreover, whether physiological mechanisms regulating water excretion directly influence water intake.
These studies were undertaken to investigate dietary factors determining intake or output of water by rats under experimental conditions which approached normal as closely as possible. Water metabolism with two normal diets was investigated, and the effects of addition or removal of electrolytes, urea or protein were also studied. The experiments were done on unanesthetized animals, generally in their normal nutritional state, thus minimizing nonspecific stimuli to the hypophysial-hypotha-lamic system. Solute excretion rate was maintained at or near normal, an important point in view of the paucity of studies on renal water conservation at normal levels of solute excretion. The data were obtained over 24-hour intervals, thus avoiding the diurnal cycle of electrolyte and water excretion; adjustments of the rats to dietary changes were followed for several days or weeks.
METHODS
Male and female albino rats, 4-6 months old, were used in all experiments.
The males weighed 350-500 gm and the females, gm. Two strains of rats were used, both Wistar derivatives, but no difference in the responses of the two strains was noted. The stock diet was Purina laboratory chow. During experiments the rats were individually kept in metabolism cages fitted with drinking fountains and external food cups. Room temperature was 25 IfI I "C and relative humidity was generally less than 50 %. The room was lighted artificially and a daily pattern of g hours light, 15 hours dark was maintained.
Distilled water was used for drinking in all experiments. Food and water intake, urine volume and body weight were measured daily for each rat, and in some experiments daily fecal weight was also recorded
The rats were selected during control periods to eliminate those who habitually spilled food. Correction was made for spilled food when on rare occasions it was necessary, but when spillage led to significant contamination of the urine by food the data were discarded. Intakes of food and water were determined by weighing the containers to the nearest gram and were corrected for evaporative losses (2-3 gm/day for water, negligible for food) obtained from dummy watering and feeding devices set up on the cage rack. Urine was collected in cylinders from which the urine volume could be read directly to the nearest half milliliter. Modification of urine concentration by bacterial action (urea split to ammonia with pH increased) sometimes occurred with 48-hour urine collections, and for this reason 2-day collections were avoided when possible. Twenty-fourhour collections rarely showed evidence of bacterial action on urea.
Two methods were used to minimize evaporative I 099
losses from the urine. In the method generally used (silicone method), the funnel and feces collecting screen (5-mesh)
were coated with silicone grease to prevent urine from sticking to them, and the urine cylinder contained a small amount of light mineral oil, thus eliminating evaporation from the urine surface. In the second method (mineral oil method), used as a check on the first, the funnel was stoppered and filled with mineral oil to within one inch of the floor of the cage. A small fourmesh screen was placed in the mineral oil to collect feces below the surface. In this way both urine and fecal water losses could be measured.
To compare these two methods, total urinary solute excretion was measured in two groups of six male rats, using the methods alternately for 3 days. For the mineral oil method urine solute excretion per gram of food eaten was I .22 mOs/gm, while for the silicone method the ratio was I .26 mOs/gm, thus solute recovery was identical for the two methods. As an additional check on the silicone method, rat urine was injected intermittently into an empty cage from a syringe during a 6-hour period; urine recovery of gog5 % was obtained.
Urine osmolality was measured by freezing point depression using a Beckman differential thermometer or Fiske osmometer.
Standard solutions of sodium chloride were prepared for calibration from data in the International Critical Tables. All samples had duplicate determinations.
The range available for the Fiske instrument was extended to permit direct measurement of the freezing point of rat urine, and no urine dilution was necessary except when the urine concentration exceeded 2goo mOs/l.
In this case, the samples were diluted by one-third to minimize the influence of dilution on osmotic activity. Accuracy of the Fiske instrument is estimated to be +0.5 % in our hands.
Fecal water was measured by difference after drying at room temperature in a hood for 48 hours. Prelimina.ry experiments showed that spreading out the fecal pellets and longer drying periods or higher drying temperatures had no effect on the measured fecal water. Fecal water 
RESULTS

Water Turnover
The results of this study depend on quantita,tive accounting for ingested water, and water balances using the mineral oil collection method permitted a check on water and solute recovery as well as an indication of the relative importance of the different routes of water intake and output. Figure I shows the average values of intake versus output for IO male rats maintained on Purina laboratory chow, and the same group on synthetic diet I.
Water from the food was calculated from the food composition, including both preformed water and water of oxidation, using the factors of Morrison (5) . Water retained or lost as body fluids as a result of body weight variation was calculated by assuming water to constitute two-thirds of the body weight change. During the periods shown in figure I there was a slight average weight loss, thus the base line for water output is shifted slightly downward. 
nitrogen)
and applying the ratio of insensible water loss to oxygen uptake found by Schmidt-Nielsen and Schmidt-Nielsen (6) for albino rats.2 Figure I indicates that about g5 % of the expected urine volume was accounted for, which checked well with sodium, potassium, and nitrogen balances done at the same time. These balances are given in table 2.
An important difference between the two diets is apparent from table 2. With Purina chow the dry fecal weight was large, and fecal excretion of sodium, potassium and nitrogen constituted a significant proportion of the amount ingested. The proportion of fecal excretion of nitrogen was especially large. With the synthetic diet, almost complete absorption was achieved and dry fecal weight was small. Electrolyte turnover also differed between the two diets, the intake of potassium and sodium from Purina chow being about twice that for the synthetic diet. Table 2 gives the total solutes determined from the sum of urea plus twice the sum of potassium, sodium and ammonia (without correction for activity coefficients).
There is excellent agreement between the calculated total solutes and the observed osmolality determined from the freezing point depression, indicating Water intake for the two diets ( fig. I ) was approximately the same, but the routes of excretion of water were not identical.
With Purina chow, fecal water loss was a large fraction of water excretion, while with the synthetic diet the low residue of feces led to small fecal water loss. On the other hand, with the synthetic diet the nitrogen in the diet was more completely absorbed, and the resulting increase in urea excretion produced an increase in urine volume (see below for the influence of solute excretion).
Normal Values for Urine Concentration and Effects of Pztressin Tannate in Oil
Preliminary studies indicated that even though rats were offered water ad libitum, they restricted their water intake to the minimum necessary to cover water excretion via the three main routes. The hypothesis that urine volume was at or near the minimum was tested by giving Pitressin tannate in peanut oil (Parke, Davis) intramuscularly.
Two groups of IO rats, five males and five females, were used in this experiment, the food being synthetic diet 1. One group received Pitressin and the other group was given an equal volume of peanut oil. Figure 2 shows the effects on urine concentration, water intake and urine volume of 250 mu of Pitressin, approximately three times the daily endogenous production by dehydrated rats (8). The control group showed no significant effect of the injection of peanut oil. The group of IO rats given Pitressin, however, showed a slight rise in urine concentration persisting until the 4th day, the peak response being reached 24-48 hours after injection. No change in food intake occurred during the period that Pitressin was effective. The decrease in urine volume was almost exactly proportional to the rise in concentration for the Pitressin group, and the mean daily solute excretion rate remained remarkably constant. This lack of effect of Pitressin in oil on solute excretion has been a consistent finding in rats fed normal diets.
To compare the results in figure 2 with the maximum urine concentration produced by dehydration, two groups of four male rats were given no water for 3 days. One group was offered food while the other received nothing. By the 3rd day the rats offered food had a mean urine concentration of 2670 mOs/l. while the rats given nothing had a mean concentration of 2719 mOs/l. It is apparent that under these experimental conditions dehydration did not give rise to more concentrated urine than was obtained by exogenous Pitressin. After Pitressin was given ( fig. 2 ), water intake consistently declined more than urine volume during the first 24 hours. The decrease in water intake corrected for changes in urine volume and body weight exceeded I ml for all IO rats with a mean of 4 ml, while in the controls the changes were random with the mean less than I ml, This observation suggested that body fluids might be more concentrated after Pitressin, assuming no change in insensible water loss. In order to test this hypothesis, six rats on Purina laboratory chow were chosen at random from stock and given food and water ad libitum and 250 mu of Pitressin i.m. They were killed 24 hours later and heart blood was obtained for analysis. Six controls fed Purina chow received no Pitressin. The results of this experiment are shown in table 3. Plasma and urine urea concentrations were also determined; assuming that plasma urea was constant during the 24-hour collection period, urea clearances could be calculated, and the mean values are given in table 3.
A significant increase in osmolal concentration of the plasma of the Pitressin group was observed. This finding is in the direction opposite to that expected if the renal effect of Pitressin were the only one present. Since Pitressin produced no effect on food intake or solute excretion, the most likely explanation of this change in plasma concentration is a direct effect on water intake. For the Pitressin-injected rats, when correction was made for body weight variations the fall in water intake during the first 24 hours after the injection exceeded the fall in urine volume by 3 ml. A water deficit of 3 ml would be consistent with a concentration of body fluids of about 1.5 %, which checks closely the observed difference in plasma concentration.
Efects of Increased Solute Load on Water Turnover
These experiments are similar to those reported by Gamble et al. (9) . Solute excretion was increased by adding I mM sodium chloride or 2 mM urea/gm of Purina laboratory
chow. An attempt was also made to increase solute excretion by adding potassium chloride, but all rats decreased their food intake approximately in half, and the experiment was terminated. Figure 3 shows the relationship between urine volume and osmotic load (the product of urine volume and concentration) for five male rats on the diet with sodium chloride added (closed circles), and for five male rats given urea (closed triangles).
For comparison urine volume vs. osmotic load immediately preceding the addition of solutes is also shown for each rat in figure 3 (open circles and triangles) .3 3 The curved lines drawn on fig. 3 represent theoretical lines drawn through the extremes of the control data. They are derived from a formula for urine volume as a function of osmotic load, Although urine volume and osmotic load during the control period were nearly identical in the two groups, addition of urea led to significantly lower urine volumes than were excreted by the sodium choride loaded rats at equivalent solute excretion rates. The finding that urea produced lower water turnover than other solutes confirms the observations of Gamble et aZ. (9) . This difference depends on the greater ability of the kidneys to concentrate urea found by Kellogg and Koike in rats (I o) and Epstein et al. (I I) in man.
The rise in urine volume brought about by the two solutes was in all cases matched by an increase in water intake, and no transient water imbalance could be detected within limits of the present methods. The only transient phenomenon observed was a short-term adjustment of osmotic load resulting from a fall in food intake. Body weight showed greater day-to-day fluctuations in the salt loaded rats than normal, a result which has been repeatedly confirmed by subsequent experiments with sodium chloride loading. These day-to-day variations often exceeded IO gm, while with a normal diet they rarely exceed 5 gm. Urea loading was not characterized by this phenomenon after the transient effect was completed.
Electrolyte and nitrogen balance studies were carried out on the 6th day and it was found that all five urealoaded rats were in negative sodium balance. The mean recovery of ingested sodium was I IO %, indicating about 15 % greater excretion of sodium than would be expected assuming g5 % recovery for the mineral oil collection method. Nitrogen was in balance, but potassium appeared to be in slight positive balance with a mean recovery of 8g %.
For the sodium chloride-loaded rats a wide variation in solute excretion rate is obvious from figure 3 ; this variation depended in part on differences in food intake. Balance studies during the 6th day showed that three animals were in positive sodium balance (recoveries 72, 81 and 81 % of ingested sodium) while one was in nega- tive balance (recovery I 2 I %). In the two extreme cases these imbalances represented a retention of 4.6 mEq of sodium on the one hand and an excess excretion of 5.0 mEq on the other. These results are well outside the variation of recovery shown in table 2. All five rats had slightly negative potassium balances with a mean recovery of I 04 %, but there was no reciprocal relationship between potassium and sodium imbalance for the individual rats. The animals were essentially in nitrogen balance, taking into account weight changes during the collection period. To summarize these balance studies: urea loading produced a slight natriuresis even on the 6th day, and a partially compensating potassium retention; little individual variation was present. In contrast, with sodium loading there was wide individual variation. Body weight fluctuations were greater than normal for the salt-loaded rats but no correlation could be shown between sodium balance and body weight change; the rat retaining 4.6 mEq of sodium nevertheless lost 8 gm during the 24-hour period. With this diet imbalance of electrolytes by itself, however, did not appear to modify the degree of antidiuresis or the renal concentrating mechanism.
The question naturally arises as to where the changes of body sodium resulting from the observed imbalances took place. If these imbalances occurred as changes of extracellular fluid, they would involve an increase or decrease of 30 ml of isotonic body fluid, but there was no evidence from water exchange or body weight variation to support the contention that body fluid imbalance of this magnitude actually occurred in any of the rats. Nor was potassium metabolism affected by sodium retention or excretion.
It appears, therefore, that storage or excretion of sodium may take place without retention or excretion of equivalent fluid volumes. While these observations are not conclusive, regulation of body fluid volume may depend in part on regulation of 'water obligating' s-odium or other salts in relation to salt depots. gm were used. After a control period on synthetic diet I, six rats were placed on diet IIA (protein-free).
The other six were given diet IIB (protein-free diet with urea added) to bring urea excretion close to that obtained with the control diet. On the 6th day three rats of each group were given 250 mu of Pitressin i.m. and during the following 24-hour period nitrogen balances were carried out. At the end of this day the rats were killed and heart blood drawn for urea analysis and total plasma osmolality.
The effects of these diets on urine volume and urine concentration are shown in figure 4. During the 7 days the rats were on the protein-free diets both groups lost weight at approximately the same rate of 4.5 gm/day, indicating that the group receiving urea derived little or no nutritional benefit from it. Food intake of both groups was nearly identical and showed about a 25% decrease compared with the control period. Nitrogen balances done on the 6th to the 7th day showed that all 12 rats were in negative nitrogen balance. For both groups the mean nitrogen loss was nearly identical at about IOO mg/day, confirming that endogenous protein metabolism was essentially the same. In the group receiving urea, urine volume was approximately doubled immediately after beginning the proteinfree period, and urine concentration showed a reciprocal fall to about one-half its control value. The group receiving no urea showed little effect on urine volume, and urine concentration fell within 2 days to a new equilibrium about one-third the control concentration. Only slight changes in water intake occurred during the period of the protein-free diet. Mean water intake of the rats receiving urea increased about 4 ml while that of the rats receiving no urea decreased about 2 ml.
When Pitressin was given on the 6th day of the proteinfree period a greater effect was observed than in rats eating a normal diet. The rats showed a decrease in urine volume averaging 14 and g ml for the group without and with urea, respectively. The fall in urine volume was associated with a mean decrease in water intake of 18 and I 3 ml for the two groups. The urine by 10.220.33.4 on April 3, 2017 http://ajplegacy.physiology.org/ Downloaded from concentration of the urea group rose to the normal range, while the urine concentration of the rats receiving no nitrogen increased only to I 277 mOs/l., indicating that the kidneys could no longer concentrate the urine as effectively.
The rats on the protein-free diet without urea showed at the end of 7 days an average plasma osmolality of 300.7, while the group given urea had a plasma osmolality of 309.8. There was considerable scatter of the data, but at least half of this difference could be accounted for by the difference in blood urea. Pitressin had no effect on the urea excretion rate, and in rats fed the nitrogen-free diet and given Pitressin the mean urine to plasma ratio for urea was 148 compared with 134 for rats described in table 3, suggesting that the renal reto a low nitrogen intake is similar to man spon se of rats and dog (12) .
Sodium-and potassium-free diet. Twelve male rats weighing about 400 gm were studied in this experiment. After a control period on Purina laboratory chow, the rats were divided into three groups of four each. All groups received synthetic diet III. The first group ('salt-free' diet 11K) received the basic diet with no sodium, potassium or chloride added (negligible amounts of sodium and potassium salts were present as cations for the trace elements). The second group of rats ('medium-salt' diet IIIB) had approximately 40 % of the sodium, potassium and chloride in the diet of the third group ('high-salt' diet 111~4). Diet IIlA had a content of sodium, potassium and chloride closely similar to Purina laboratory chow. The effects of the three diets on water intake and urine volume are shown in figure 5. When the rats were given Purina chow, Pitressin injection (arrows, fig. 5 ) produced about 5 ml decrease in water intake for all groups but relatively little change in urine volume, confirming the results obtained with a synthetic diet ( fig. 2) . When the three synthetic diets were begun, there was an immediate decrease in water intake and a mean fall in body weight of 6, g and IO gm for the high-, mediumand low-salt diets, respectively The fall in water intake can be nearly completely accounted for by the decrease in fecal volume which immediately occurred. For the high-salt group, after the synthetic diet was begun the Pitressin response remained as before, but the rats fed the medium-salt diet had a greater fall in water intake *and urine volume than when Pitressin was given during the control period ( fig. 5B ). This result indicated that water intake became slightly greater than the minimum required, particularly after 6 days on that diet. With the rats fed the low electrolyte diet ( fig. 5C ) the effect of Pitressin was striking. With each successive injection the decrease in water intake and urine volume was greater, indicating that the degree of antidiuresis normally maintained by the animals was becoming less and less. Figure  6 shows urine concentration for the three groups during this period. In general, urine concentration changed reciprocally with urine volume (fig. 5 ). By the 2nd week, after Pitressin injection urine concentration in the rats on the salt-free diet was lower because of a fall in concentrating ability in two of the four rats. These two rats had a decrease in total solute as well as urea excretion and also excreted a basic urine (PH 7-d* The decline in concentrating ability may depend on a decrease in urea excretion, on a mild potassium deficiency ( 3) I , or on a change in acid -base metabolism, which we have fo und to influence the concentrating mechanism (unpublished observations). On the 9th day after the three diets had been started, determination of sodium, potassium and chloride excretion for a 24-hour period showed that all rats were essentially in balance excep t the low electrolyte group. Urinary cation losses in this group were about 0.30 mEq/day for sodium and potassium, corresponding to a decrease of about I ml of extracellular and 3 ml of intracellular fluid/day. Throughou .t the whole tjme the diet was given as well as during the 24-hour period when the no determ change inations were done, in body weight. The the rats cation 1 had osses, essentially therefore, must be accounted for as coming from intestinal contents, from inert stores such as bone (14) significance on renal water loss since the effect of ammonia excretion on the renal concentrating mechanism is as yet unknown.
These studies indicate that diminution of the food electrolyte below that of Purina laboratory chow did not lead to a further rise in urine concentration.
This finding is consistent with the effects of dehydration, and indicates that a 'ceiling' on urine concentration is reached at about normal solute loads. The low-salt diet appeared to have its chief effect on water intake. The increase in water intake, and not the increased urine volume, was the primary factor since the kidneys could still respond to exogenous Pitressin.
DISCUSSION
These experiments were undertaken to explore the limits within which water turnover was maintained voluntarily bY rats when dietary composi tion was changed. In part they represent a study of mechanisms of body water regulation in animals given the opportunity to alter their water turnover by changes i n water intake. Control of body water obviously depends on simultaneous regulation of intake and output, at least in situations where water from the food does not meet minimum requirements for excretion. When food is a significant source of water, as in the case of most herbivores, regulation of body water depends primarily on excretion"
The studies in this report have been concerned with regulatory mechanisms extending over I or more days. Most previous experiments by others have dealt with short-term regulation of water intake or output extending over minutes or hours, but long-term control mechanisms may be of equal importance.
A long-term effect altering water exchange has been described in man (I 5, 16); pronounced depression of the concentrating ability of the kidneys has been found after voluntary ingestion of large volumes of water for several days, an effect not reversed until 3 or 4 days after voluntary overdrinking was stopped.
West and Bayless (I 7) have suggested, moreover, on the basis of acute experiments in dogs, that the ratio of electrolytes to total solutes in the urine is regulated by a renal tubular mechanism. Over periods of several days, if urea excretion is high the ratio itself must be under some control to prevent electrolyte depletion. In this connection it is interesting to note the effect of long-term urea loading in the present experiments. Even after 6 days of high urea turnover, all five rats were in negative sodium balance. If the ratio of urea to sodium in the urine is regulated in some way, it would appear to respond relatively slowly to changes in nitrogen turnover.
It is possible that such slowly responding mechanisms are of major importance in the control of body sodium and water.
Regulation of water output is complicated by the fact that there is more than one route of excretion.
In order to simplify this discussion, the assumption will be made that insensible water loss was not changed by diet or Pitressin.
Although this assumption is not proved, it appears reasonable because insensible water loss in man, at least, is known to be independent of the degree of body hydration over a wide range (I 8), and because caloric intake, upon which insensible loss does depend, was near normal.
The effect of Pitressin or body hydration on fecal water is also unknown; with regard to the influence of diet, figure 7 shows the relationship between fecal water and dry fecal weight obtained with some of the diets used. The data appear to fall on a curved line, suggesting that the ratio of water to solids is altered by the rate of excretion of solids or possibly by the rate of excretion of some osmotically active material in the feces. Most of the experiments in this report were done with low-residue synthetic diets, and fecal water was a negligible part of total water turnover.
The following discussion will be restricted, therefore, to consideration of factors modifying urine volume and water intake, and their implications in the regulation of body water.
Dietary Efects on Urine Volume
In nearly all of the experiments water turnover was maintained voluntarily by the rats close to the minimum and a strongly hypertonic urine was excreted. For this reason effects of changes in the diet on urine volume depended primarily on responses of the renal concentrating mechanism. No attempt will be made to summarize recent concepts of the concentrating process by the kidneys. Suffice to say that in the hydropenic state, urine volume is governed by the osmotic activity of the excreted solutes and is independent of the chemical nature of the solute load (I 9). In rat (I o) and man (I I), at least, urea is the only known exception to this generalization.
An important effect of diet on urine volume, therefore, was brought about with changes in solute excretion rate. When the dietary level of sodium chloride was increased, urine volume rose markedly and was approximately proportional to the square of the load ( fig. 3 ). Removal of electrolytes from the diet had relatively little effect on urine volume because excretion of ammonia tended to offset the fall in urine sodium and potassium. Thus within a fairly wide range of electrolyte excretion the renal concentrating mechanism was not significantly affected, and urine volume was determined by the relation of solute excretion to the minimum urine volume. At lower solute excretion rates, the minimum urine volume depended on the maximum urine concentration which these rats could produce.
On the other hand, the protein-free diet produced a significant decline in the maximum urine concentration after Pitressin injection ( fig. 4) . Addition of urea to the diet, even though there was no evidence that it was significantly metabolized, corrected the alteration in concentrating ability. These observations suggest that the maximum concentration of the urine is strongly dependent on the urea excretion rate, per se. Similar observations have been made in man ( I I), and they are in accord with those recently reported in dogs by Levinsky et al. (20) . These authors have shown an effect of glomerular filtration rate on the concentrating ability of the kidneys provided that urea excretion is a significant fraction of the total solutes. It may be that some of the changes in maximum concentration produced in these rats were dependent on changes in glomerular filtration rate or renal blood flow. The effects on the renal concentrating mechanism produced by variation in urea excretion make the urine volume much less sensitive to the nitrogen excretion rate than would be the case if urea behaved like sodium chloride. Given the hydropenic state, at high urea loads the urine is concentrated more effectively ( fig. 3) ) and at low urea loads it is concentrated less effectively (fig. 4) . If applicable to man these results would negate the value of protein-free diets for the purpose of water conservation during periods of water deprivation, such as for survival on a life raft. The above observations may not be entirely in accord with the normal response to dehydration.
In the dehydration experiment, total solute excretion fell below IO mOs/day by the 3rd day in all rats, whether or not they were given food, and urea excretion averaged 6 mM/rat on the 3rd day. This is less than half the usual urea excretion rate, but in spite of the fall in urea excretion, the urine continued to be maximally concentrated. This observation suggests either that an additional factor is present in the dehydrated animal compared with the animal given water and exogenous Pitressin, or that a moderate fall in urea excretion has no effect on the concentrating mechanism.
Effects of Diet on Water Intake
Wide variations in water intake could be induced by dietary changes without altering the antidiuresis maintained by the rats. This finding indicates that water intake is not merely determined in rats by metering a given volume of water in relation to the total volume of food ingested. Hydropenia was present when the rats were fed two widely different diets (chow and synthetic diet IIIA, figs. 5A and 6) which differed not only in con- fig. 3) . As a result of the sustained antidiuresis changes in water intake depended upon changes in urine volume and fecal water requirements.
The exceptions will be discussed below.
The observation of antidiuresis in rats given water ad libitum is consistent with the finding of antidiuretic material in normal rat blood (2 I, 22) . A state of antidiuresis of various degrees may be characteristic of most terrestrial animals living on dry diets. A striking example is the kangaroo rat, which can exist on a dry diet only; these animals will not drink water when offered it, if the diet provides the minimum water necessary (23). Some evidence exists that dogs also maintain a state of nearly maximum antidiuresis when offered water freely. Levkoff et al. (24) mentioned that the urine concentration during the control period in five dogs they studied ranged from 1333 to 2319 mOs/l. even though the dogs were offered water ad libitum. Depending on the osmotic load, these values are close to the maximum for dogs ( I g), and are sufficiently hypertonic to indicate a marked degree of antidiuresis.
We have confirmed this observation in dogs with 24-hour urine collections.
The degree of antidiuresis of human beings in temperate climates may depend on the season (25) ; urine samples we have obtained from men working under normal thermal conditions in the winter were highly concentrated, at least during part of the day. Specimens taken just prior to retiring in the evening and immediately refrigerated showed concentrations nearly always above 800 mOs/l., and they frequently exceeded IOOO mOs/l. (unpublished observations).
These values are close to the maximum concentration for man. In rats on various diets injection of Pitressin has consistently produced a greater decline in water intake than in urine volume. The rise in total plasma osmolality at 24 hours (table 3) suggests that Pitressin exerts a regulatory or delaying effect on water intake. An effect of Pitressin on water intake was observed by Bellows (26) in two dogs with esophageal fistulas. When I cc of Pitressin was given subcutaneously 20-30 minutes before injection of 2.5 cc/kg of 20 % sodium chloride intravenously, which normally produced immediate drinking, there was a delay of [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] minutes before sham-drinking began. Similar results were obtained by Holmes and Gregersen (27) .
Commercial Pitressin was used throughout the present experiments, and thus it is premature to say whether the effect observed on water intake depends upon vasopressin itself or upon some other component of pituitary extract. The inhibitory effect of exogenous Pitressin on water intake does not change the basic stimuli for drinking brought about by water losses; the effect may be to change the level of body fluid concentration at which drinking is initiated, that is, to 'reset' the drinking center. Maintenance of antidiuresis was most significantly altered by the salt-free synthetic diet ( fig. 5C ). By the 2nd week water intake for each rat was 15-40 ml/day more than the minimum required to excrete the urinary solutes. The changes in water intake developed relatively slowly in all four rats. These observations are in agreement with those reported by Cizek et al. (28) in dogs depleted of electrolyte and fed a low-salt diet. With the low-salt diet, the rats developed a progressive change in body sodium, potassium and chloride which may have provided the stimulus for an increase in water intake. The results obtained with a medium-salt diet ( fig. 5B ) suggest, however, that an electrolyte imbalance may not be necessary for a modification of water intake. These rats were in electrolyte balance but still excreted a more dilute urine than the high-salt group and showed a greater response to Pitressin.
Water intake greater than the minimum was also observed in the rats on the low-protein diet, with or without urea added. With these diets the excess of water intake over the minimum did not generally exceed I O--I 5 ml/day.
It should be emphasized that the experiments with the low-protein diet were done with the electrolyte intake about half that of Purina laboratory chow. Thus the effect of the protein-free diet on water intake may be ascribed to the fact that with a moderately low electrolyte intake, regulation of water intake was less precise than with a high electrolyte diet, and thus when water requirements changed, the antidiuretic state was less rigidly maintained.
These results are consistent with the findings in the rats given the moderate-salt diet with protein present (fig-. 5B) . A n additional factor with the protein-free diets was the fact that the rats had a steady weight loss and tissue breakdown which may have had an effect on water metabolism.
It is possible that control of water intake may depend on a conditioned reflex, with some property of the diet by 10.220.33.4 on April 3, 2017 http://ajplegacy.physiology.org/ Downloaded from as a conditioning stimulus, but such an interpretation appears at the present time to be unlikely.
We have found that weanling rats, when first offered dry food and water, have a level of antidiuresis which is apparently higher than in adult rats. Andersson and Larsson (29) have discussed the possibility that conditioning plays a part in drinking.
They found in two goats that the drinking response could not be conditioned; the unconditioned stimulus was an electric current in the 'drinking center' of the hypothalamus, a stimulus which invariably produced coordinated drinking behavior, and the conditioning stimuli were provided by lights or an electric buzzer. Their experiments do not eliminate the possibility that some property of the food may constitute a conditioning stimulus, but it appears more reasonable to ascribe the effects of diet changes on water turnover to unconditioned responses.
EDWARD P. RADFORD, JR. to the advantage of the organism, because urine water requirements would be extremely high unless the hydropenic state were approximated.
The effect of low-salt diets on vascular reactivity, moreover, may be mediated by changes in vasopressin release.
made to indicate the receptor systems which give rise to all the responses shown.
Antidiuresis
arising from a dietary factor assumes greater importance because recent evidence has suggested that vasopressin may be a direct stimulus of ACTH production by the anterior pituitary (41); the idea that the electrolyte content of the diet may modify the production of ACTH and adrenal hormones via the ADH mechanism is attractive, since adrenal hormones are known to be concerned with regulation of electrolyte excretion. Figure 8 shows a schematic diagram relating food intake to some of the factors involved in body water regulation.
It should be clearly understood that the mechanisms proposed in figure 8 
